Abstract-The topicality is shown to improve the processing technology of complex polymetallic raw mate rial containing a considerable amount of toxic impurities of arsenic and lead. Results on pressure leaching the mattes formed after reduction smelting the dusts of OAO Sredneural'skii Copper Smeltery (SUMZ) by solu tions of copper sulfate are discussed. These mattes contain a considerable amount of lead and arsenic. According to the data of X ray phase analysis of matte samples, phases of sulfides (PbS, PbS ⋅ As 2 S 3 , Cu 2 S, FeS, and (Zn,Fe)S) and arsenides (FeAs 2 , Cu 3 As, FeAs, and Cu 0.85 As 0.15 ), as well as inclusions of metallic copper, are revealed in them. Optimal parameters of matte leaching by copper sulfate solutions are the tem perature of 150-180°C, acidity from 5 to 30 g/dm 3 , and copper concentration of 14-32 g/dm 3 . This process made it possible to extract 85% As into the solution, while copper and lead remained in the cake in this case.
INTRODUCTION
When melting polymetallic raw materials [1] , up to 95-96 wt % As transfers into sublimates, dust, and exhaust gases. The caught dust of electric air filters of OAO Sredneural'skii Copper Smeltery [2, 3] contains, wt %, 10.3 Cu, 11.7 Zn, 11.8 Pb, 13.3 Fe, 9.00 S, and 5.81 As, and their return to smelting will lead to the pollution of crude copper with arsenic and lead. The authors of [4, 5] proposed to carry out fine dusts and similar crude half product from recycle and subject them to reducing melting in shaft furnace (SF) and ore thermal furnace (OTF) with obtaining semime tallic matte containing, wt %, 30-40 Cu, 2-5 Zn, 14-23 Pb, 7-20 Fe, 15 S, and 4-5 As. To exclude the accumulation of arsenic and lead in recycle [6] , we proposed to process the formed mattes following the pressure technology.
This study is targeted at the study of the influence of process parameters (temperature, initial acid con centration, copper content, and process duration) and optimize the leaching process of arsenic from SF and OTF mattes.
EXPERIMENTAL
Leaching solutions were prepared from chemically pure substances. Autoclave leaching of mattes, the composition of which is presented in the table, was performed in laboratory conditions. According to the data of X ray phase analysis, they contain phases of sulfides (PbS, PbS ⋅ As 2 S 3 , Cu 2 S, FeS, (Zn,Fe)S) and arsenides (FeAs 2 , Cu 3 As, FeAs, Cu 0.85 As 0.15 ), as well as inclusions of metallic copper.
OTF and SF mattes were milled in a dry milling ball mill to the coarseness of -74 μm. A titanium auto clave of 1 dm 3 in volume was used for experiments. The revolution rate of a stirrer was 1000 rpm, which excluded diffusion obstacles. The autoclave tempera ture was held using a thermal controller. After finish ing the experiment and rapid autoclave cooling with cold water to 50-60°C, the solid phase was separated under vacuum using the Buchner funnel and subjected to washing with hot distilled water with subsequent drying at 100°C to a constant weight. Samples for chemical analyses were formed from filtrates and dry cake.
METALLURGY OF NONFERROUS METALS
Our experimental results were processed using the Statgraphics software. Sampled cakes were subjected to X ray phase analysis.
RESULTS AND DISCUSSION
We investigated a variant of pressure leaching in acid solutions in [6] . We established that, at tempera ture t = 180°C, initial acid concentration [H 2 SO 4 ] 0 = 64 g/dm 3 , molar ratio of the actual amount of the sul fate ion (under the condition of quantitative reduction of matte sulfur to ) to that one stoichiometrically necessary to reduce matte copper Q p /Q T = 1.35, oxy gen pressure = 0.4 MPa, and duration τ = 4 h, copper is recovered in amount of 94.2%, while arsenic, iron, and lead remain in the cake. However, mattes with a high iron content can be processed by this method, while prepared cakes contain up to 7% As [6, 7] , which complicates their processing by conven tional methods [8] . Therefore, we tested salt pressure leaching by copper sulfate solutions.
We investigated a variant of matte leaching based on the mechanism of exchange reactions developing at t > 150°C [9] [10] [11] :
where Me is Fe, Zn, Pb.
Search experiments were performed under the fol lowing conditions: pulp density L : S = 12 : 1, t = 180°C, [H 2 SO 4 ] 0 = 5-30 g/dm 3 (to exclude hydrate formation), [Cu] 0 = 14-32 g/dm 3 (molar consump tion of copper Cu/(Zn + Fe + As + Pb) = 1.1), and τ = 120 min. Processing mattes by copper sulfate solu tions in the mentioned mode allowed us to recover up to 93% arsenic and iron; the cakes contained, wt %, 0.7-1.0 As, 0.6 Fe, 0.5-1.0 Zn, 47-50 Cu, and 20-23 Pb.
The subsequent experiments were implemented according to the orthogonal matrix, which allows us to make variables statistically independent of each other. Independent variables in the dimensional and dimen sionless scales were varied in the following limits: 8.6 < Cu < 20.2, 3.3 < K < 16.7, 160 < t < 200, 15 < τ < 45,
where Cu is the copper concentration in the solution, g/dm 3 ; K is the sulfuric acid concentration in the solu tion, g/dm 3 ; t is the temperature, °C; and τ is time, min; -1 < X 1 < 1, -1 < X 2 < 1, -1 < X 3 < 1, and -1 < X 4 < 1, where X 1 is copper, X 2 is acid, X 3 is the temperature, and X 4 is the duration.
The dependent variable in the dimensional scale was quantity As, or the recovery of arsenic from matte, wt %. In all experiments, ratio L : S = 12 : 1 was constant.
When processing the results, we constructed the following regression models in the dimensionless and dimensional scales adequate to the experimental data at a significance level of 0.05:
The determination coefficient turned out to be equal to R 2 = 0.948, while the multiple correlation coefficient turned out to be rather high, R = = 0.974.
According to absolute values of regression coeffi cients at variables X 1 -X 4 (in the first degree), their influence on recovery of arsenic can be evaluated (by lowering) as follows: X 3 , X 1 , X 2 , and X 4 , or temperature (t), copper concentration in the solution (Cu), solu tion acidity (K), and time (τ). In other words, temper ature most strongly affects the recovery of arsenic dur ing matte leaching in conditions of accepted limita tions, while the time affects it least strongly (Fig. 1) .
The negative influence of process duration is possi bly associated with the hydrothermal association of arsenic ions (III), which are present in solution [12] , with matte sulfides, which were not opened in the lack of copper in the solution. This interaction can follow according to the following reaction:
where M is Zn, Fe, and Pb.
The 3D plot for Eq. (2) for the dependence of recovery of arsenic on the copper and acid concentra tion is shown in Fig. 2 To analyze the influence of temperature on arsenic leaching at a constant process duration, we plotted three contour plots (Fig. 3) . It is seen from Fig. 4 that the maximal recovery of arsenic at t = 150°C is 25% and reaches 55% as the temperature increases to 160°C. An increase in recovery of As is retarded at t = 180°C and starts to drop at above 190°C, which is pos sibly associated with the development of the exchange reaction between arsenic in the solution and remained matte sulfides. The recovery of As into the solution lowers with an increase in the initial acidity, while an increase in the copper consumption positively affects the leaching of arsenic.
It is established that the molar consumption of copper Cu(Zn + Fe + Pb) = 0.9-1.3 (13-21 g/dm 3 Cu) is opti mal. An increase in temperature above 180°C almost does not affect the recovery of As, which was 86.7%; therefore, its optimal magnitude when treating mattes by copper sulfate solutions is t = 180°C.
To analyze the influence of duration on arsenic leaching, we constructed three contour plots for t = 180°C (Fig. 5) . It is seen that the maximal recovery of As into the solution for 15 min was 80%. As τ increases to 30 min, arsenic is dissolved by 85%, while its recov ery for 45 min drops again to 80%. The process duration of 30 min is already optimal. We note that initial solution acidity negatively affects recovery of As at any τ.
Thus, optimal parameters for arsenic leaching from matte are Cu/(Zn + Fe + Pb) = 1, [H 2 SO 4 ] 0 = 6.7 g/dm 3 , τ = 30 min, and t = 180°C. The cake after leaching contained in such conditions, wt %, 1 As, 0.6 Fe, 0.5 Zn, 48.5 Cu, and 23 Pb. Zinc and iron in amounts of 80-85% are recovered into the solution in addition to arsenic. This solution contained, g/dm 3 , 6 Cu, 3.4 As, 5.4 Fe, and 2.2 Zn. Such solutions can be directed to the deposition of ferroarsenate cake [13⎯15] . According to the data of X ray phase analy sis, lead is present in a form of PbSO 4 and PbS, copper is present mainly as metal and Cu 2 S, and arsenic is present in a form of Cu 3 (AsO 4 ) 2 ; we also found basic copper sulfates Cu 3 (SO 4 ) 2 (OH) 2 .
The recommended optimal parameters were tried for SF matte. Experiments were performed under the following conditions: Cu/(Zn + Fe + Pb) = 1, [H 2 SO 4 ] 0 = 6.7 g/dm contained, wt %, 0.7 As, 4-5 Fe, 0.5-0.7 Zn, 56 Cu, and 11 Pb. CONCLUSIONS (i) In the course of studying matte leaching by cop per sulfate solutions, optimal process parameters are determined: Cu/(Zn + Fe + Pb) = 1, [H 2 SO 4 ] 0 = 6.7 g/dm 3 , τ = 30 min, and t = 180°C. Recovery of arsenic reaches 85-90%.
(ii) Based on the experimental data, an adequate regression model is produced which makes it possible to predict and control pressure leaching of arsenic from copper mattes by the copper sulfate solution.
